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INTRODUCTION 



Calculation of the high-speed performance of some 
airplane? involves the estimation of airfoil drag coef- 
ficients at Reynolds numbers of the order of 65 
to 75 :j']illion. Very little data on airfoil drag coeffi- 
cients at such hi'-^h Reynolds numbers arc available. At 
the request of t:..o Bureau of Aeronautics, Navy Department, 
therefore, drag measurements were made in the Langley 
Memorial Aeronautical Laboratory tv/o-dimensional lov;- 
turbulence pressure tunnel of an available lOO-inch-chord 
model of the ^L^CA 2 5 01 6 wing section. -The model W'-^.s con- 
structed by the Chance Vcught Aircraft Company according 
to j)racticai construction methods. In the u re sent 

aeries of tents, section dr-.g coefficients v:ore 
measured over a range of Reynolds numbers from approxi- 
mately li. to 66 million at lift coefficients from about 
-0.05 to 0.275 vvith three types of surface conditions. 



DESCRIPTION OF MODEL A?JD TLST METHODS 



The 100-inch*chord N^CA 25016 wing section used for 
these tests had a single spar located at the JO-P^i'cent - 
chord station. 3oth the upper and lower surfaces were 
unfair at this point. "^"n addition, a flat spot located 
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at approximately the 0.095^ station on the lower surface 
and extending halfway across the ir^odel span was detected 
by rocking a straight edge over the forward portion of 
the t-.irfoil in a chordwise direction. The skin forv/ard 
of the spar was approximately 0,050 inch thick and v/as 
riveted to both chordwise and spanwise stiffeners. A 
thinner skin (approximately O.OI5 inch thick) aft of the 
spar was riveted to chordwise stiffeners spaced 9 inches 
apart . 

"^he testr. v;ere made with the model surfaces in three 
conditions ? 

(1) As received .- As received, the model was painted 
with zi'r^c chromate prim.er. A fev/ rivets behind the spar 
had been glazed. Tliree miinor scratches located on the 
upper surface near the leading edge, v/hich were apparently 
the result of handling and shipping, were filled and 
sanded smooth . 

(2) Painted . - All local surface defects forward of 
the spar, such as rivets, v;ere faired and the surfaces 
were sprr^-.yed with gray primer surfacer which was sanded 
smooth. The surfaces behind the spar v/ere also painted 
and sanded, but no attempt was made to correct local 
surface defects in this region. 

(3) Camouflaged . > A double coat of neutral gray 
cam.ouflage paint (Navy specification no. II4.IO5) v;as 
sprayed over the gray primer surfacer (condition 2). No 
particular effort was made to spray the camouflage paint 
on smoothly because, for this condition, it was desired 
to simulate the spraying abilities of an inexperienced 
person. Door joints were simulated by shellacking a 
length of string 0.012 --inch in diameter at the 0.25c sta- 
tion across Vn.e span on both the upper and lower surfaces. 
"Photographs of the model showing the simulated door joints 
are given in figure 1(a) and (b). A rear bottom View of 
the m.odel is presented in figure 1(c) to show the rivet 
spacing and surface irregularities. 

Idft and drag coefficients v/ere obtained by the 
methods' described in reference !• The data have been 
corrected for tunnel-wall constriction by the following 
formulas : 
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c.^ = 0.896 c^^ 
= 0.7285 C7/ 

where the primed quantities represent the values of the 
coefficients 'r.easured in the tunnel. 



i-:j.sults and discussion 



Cui-'Vv<£. of v^ootion dra{^ coefficient plotted against 
Rey3iolua nrj-ber for various sm^face conditions and lift 
coefficients are rivon in fl^ui'^e 2. A cOi'riparison of the 
results presented^in figure 2(c) v/ith the skin friction 
of sriooth flat plates is presented in figure 5- 

It is seen fx'O-m liA-'ure 2 that the variation of drag 
coefficient vvj.th lift coefficient, particularly at high 
Reynolds mw.ber;-, v;as relatively Sn:all. Above a Reynolds 
number cf 2"} jivllJion, the, chan.^^es in surface condition of 
the --lodel hc^d :r,ore effect on the drag coefficient than 
changes in the Reynolds number. As would be expected, 
the iov;est drag coefficients vrere obt:--ined with the 
smoothest surfaces (condition 2). 

'The variation of the profile drag of this airfoil 
with Reynolds number was similar to that of the turbulent 
skin friction of smooth flat plates up to Reynolds 
nujnber of appr o:Kimately I5 million. Above this BQjnolds 
number, the scale ef'fect on drag v/as small. These 
results appear to be similar uo those for rough pipes 
given on page ll;.6 of reference 2 ^ where the skin friction 
of pipes With relatively small surface roughness at first 
follows the sume curve as for smooth pipes. At some 
higher Reynolds num.ber, depending upon the grain size of 
the r oughne s the skin friction approaches a constant 
value and shows little further change even up to extrem.ely 
high Reynolds n^jimbers. As in the case of the rough pipes, 
the value of the drag coefficient, for the present tests, 
at high Reynolds numbers was prinarily a function of the 
model surface condition. 

Although extrapolation fori.vj.las based on the skin 
friction dra^ of smooth flat nlates may be reliable for 
airfoils having aerodynamically si^iooth surfaces, the 



data presented ]. .-ein indicate that, at least for models 
having siirface conditions similar to those of the present 
tests, such formulas would tend to give too low values of 
the drar coefficient at high Re^n^-olds numbers. 



CONCLUSIONS 



As a result of tests of an NACA 25016 practical 
construction section over a range of Reynolds numbers 
from approximately Lj. to 68 million, the following con- 
clusions may be drawn? 

!• Above a Reynolds number of about 25 mxillion, the 
changes in surface condition of the m.odel had more effect 
on the drag coefficient than changes in the Re^molds 
number . 

2. Extrapolation form.ulas based on the turbulent 
skin friction drag of smiooth flat plates tend to give 
too low values of the drag coefficient at high Reynolds 
numbers when applied to airfoils having surfaces compa- 
rable to those of the model investigated in the present 
tesbs . 



Langley Ivlem.orial Aeronautical Laboratory 

National r'.L. isory Co'':imittee for Aeronautics 
Langley Field, Va • , June 30, 19i|Ji. 
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Figure 1.- Practical construction wing model of NACA 230 16 section submitted by- 
Chance Vought Aircraft, camoi:iflage painted. 



Rear bottom view showing rivet spacing and surface irregularities. 

Figure 1.- Concluded. 
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Figure Z Drag scale effect of a 100-lnch-chord NACA 25016 practical construction wing section submitted by Chance Vouirtit Aircraft. 

Tests, IDT 1^50, 1+52, and I4.U5. 
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Figure 2.. Concluded. 
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Figure 5.- Comparison of the drag coefficient of the NACA 25OI6 
airfoil section with the skin friction of smooth flat plates. 



